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SUHVHQW D UHDO WLPH SRUWDEOH 5),' LQGRRU SRVLWLRQLQJ GHYLFH LH IRU VPDUW SKRQHV 7R LQWHUSUHW WKH XQNQRZQ ORFDWLRQV WKH
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LQIUDVWUXFWXUHKRZHYHUWKHGHYLFHVSURYLGHGZLWK:L)LWHFKQRORJ\FDQEHUHXVHGVRLWVFRVWHIIHFWLYHDOVR,QGRRU
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WLPHXVHU566,DQGVHWRIDOUHDG\VXUYH\HG566,GDWDEDVHV\VWHPV7KLVFRPSDULVRQLVGRQHWRILQGRXWWKHSRVLWLRQ
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WHFKQRORJ\
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
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V\VWHPV GHYHORSHG LQ UHFHQW \HDUV GRHVQ¶W RQO\ XVHV:L)L VLJQDO EXW DOVRPDNHV XVH RI LQIUDUHG WHFKQRORJ\ WR
LQGLFDWHWKHORFDWLRQ2QHVXFKV\VWHPZDVGHYHORSHGE\$7	7&DPEULGJHZKLFKXVHGGLIIXVH,5WHFKQRORJ\EDVHG
V\VWHPZKLFKLVQRWKLQJEXWDQHWZRUNVHQVRUVZRUNLQJDORQJZLWKWKH,5FRGHHYHU\VHFRQGVDQGWKHQXVHVWKH
LQIRUPDWLRQ EDVHG RQ WULDQJXODWLRQ WKHRU\ +RZHYHU WKH VKRUWFRPLQJ RI ,5 WHFKQRORJ\ VXFK DV VKRUWUDQJH
WUDQVPLVVLRQDQGOLQHRIVLJKW/26GRHVQRWDOORZWKH,5WHFKQRORJ\WREHXVHGLQKXJHDQGFRPSOH[UHJLRQV
'LIIHUHQW DQWHQQDV KDYH EHHQ XVHG IRU 5) EDVHG ORFDOL]DWLRQ V\VWHPV GHSHQGLQJ XSRQ WKH WHFKQRORJLHV XVHG
UHFHQWO\DQGVLJQDOVEHLQJSURFHVVHG7KHIUDPHZRUNRIWKHORFDOL]DWLRQV\VWHPDVVHPEOHGE\UHIHUHQFHXQLWVKDV
PDLQO\FRPELQHGZLWKGLUHFWLRQDODQWHQQDUDGLDWLRQSDWWHUQV/NKDJYD&KXDQJKDVSURSRVHG5),'V\VWHPWKDWKHOSV
WRORFDWHDQREMHFWDQGFDQDOVRWUDFNWKHPRYHPHQWRIDWDUJHWREMHFWLQUHDOWLPH
7KH FRQWULEXWLRQ RI WKLV ZRUN LV ILUVW WKH SRVLWLRQLQJ DFFXUDF\ SUHFLVLRQ HQYLURQPHQWDO IDFWRU 	 HQHUJ\
FRQVXPSWLRQZHUHLPSURYHGXVLQJ566	'$6HFRQGFRVWDIIRUGDELOLW\RISRVLWLRQLQJWHFKQLTXHLVPDLQWDLQHG7KH
UHPDLQLQJSDSHULVRUJDQLVHGDVIROORZV6HFWLRQ,,RXWOLQHVV\VWHPPRGHO	SURYLGHGHWDLOHGSURFHGXUHRIDSSURDFK
XVHGLQVHFWLRQ,,,426SDUDPHWHUDUHLPSURYHGXVLQJVLPXODWLYHDSSURDFK	VHFWLRQ9FRQFOXGHVWKHSDSHU
2YHUYLHZRI6\VWHP0RGHO
:LWKUHIHUHQFHWRWKHREMHFWLYHVDQGVXEMHFWLYHIRUPHGIRUGHVLJQLQJ+LJKOHYHO1HWZRUNIUDPHZRUNRIRYHUDOO
V\VWHP )LJ  VKRZV WKH LQIUDVWUXFWXUH DQG FRPSRQHQWV RI WKH V\VWHP WR EH GHYHORSHG ,W DOVR GHSLFWV WKH
IXQFWLRQDOLW\RIWKHDSSOLFDWLRQWKHDFWLYH5),'1)&UHDGHUZLWK&)&RPSDFW)ODVKLQWHUIDFHLVFRQQHFWHGWRWKH
PRELOHGHYLFHRU3'$0RELOHGHWHFWVWKH5),'WDJVDQGVHQGUHTXHVWWKURXJKWKHZLUHOHVVQHWZRUNWRWKHVHUYHU
7KHVHUYHUFRPSOHWHWKHSURFHVVRIUHTXHVWDQGVHQGVWKHVROXWLRQUHWXUQWR3'$0RELOH
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)LJ+LJKOHYHO1HWZRUNPRGHORIRYHUDOOV\VWHPRI,36
5HFHLYHG6LJQDO6WUHQJWK	'LUHFWLRQDO$QWHQQD$SSURDFK
,QUDGLRHTXLSPHQWDQDQWHQQDSOD\VDQLPSRUWDQFHUROHIRUWUDQVUHFHLYLQJWKHVLJQDOV7KHWUDQVPLWWHUDQWHQQD
VHQGV KLJK IUHTXHQF\ HQHUJ\ LQWR VSDFH ZKLOH WKH UHFHLYHU DQWHQQD UHFHLYHV WKLV HQHUJ\ DQG FRQYHUWV LW LQWR
HOHFWULFLW\5DGLRORFDWLRQXVLQJVLJQDOVWUHQJWKLVDSRSXODUPHWKRG566EDVHGV\VWHPVDUHHDV\WRLPSOHPHQWEXW
WKHDFFXUDF\ LVGHSHQGHQWRQHQYLURQPHQWDQGGLVWDQFH ,Q LQGRRU ORFDOL]DWLRQV\VWHPGLUHFWLRQDODQWHQQDVFDQEH
XVHG WR ERRVW WKH FDSDFLW\ RI ZLUHOHVV QHWZRUNV ,Q ORFDOL]DWLRQ V\VWHPV DQWHQQD FDQ EH GLYLGHG LQWR WZR PDLQ
FDWHJRULHV2PQL'LUHFWLRQDO$QWHQQDDQG'LUHFWLRQDO$QWHQQD'LUHFWLRQDODQWHQQDFDQWUDQVPLWVRUUHFHLYHVVLJQDOV
WRLWVGHVLUHGGLUHFWLRQUDWKHUWKDQOLNHDQRPQLGLUHFWLRQDODQWHQQDZKLFKUDGLDWHVRUUHFHLYHVVLJQDOVXQLIRUPO\LQ
DOO GLUHFWLRQV%\ FRPSDULQJ RPQL GLUHFWLRQDO DQWHQQDVZLWK GLUHFWLRQDO DQWHQQDV GLUHFWLRQDO DQWHQQD KDYHPDQ\
DGYDQWDJHVVXFKDVOHVVLQWHUIHUHQFHGHFUHDVHG3RZHUUHTXLUHPHQW\HDUQWUDQVPLVVLRQUDQJHLPSURYHGVSDWLDOUHXVH
DQGQHWZRUNFDSDFLW\
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$OJRULWKP
 5DGLR)UHTXHQF\VLJQDOLVJLYHQWR'LUHFWLRQDO$QWHQQDDQG
 &DOFXODWH5HFHLYHG6LJQDO6WUHQJWK566DQG566
 *LYHQ WKH 566, PHDVXUHPHQW RI 35HFHLYHG G ș ĳ HVWLPDWH WKH UDQJH EHWZHHQ UHDGHU DQG WZR
FRQVHFXWLYHWDJVE\QHJOHFWLQJ/'șĳ
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 %DVHG RQ WKH UDQJH HVWLPDWHV HVWLPDWH WKH UHDGHU SRVLWLRQ XVLQJ WULODWHUDWLRQ PHWKRG RU DQ\ RWKHU
DSSURSULDWHPHWKRG
 %DVHGRQWKHSRVLWLRQHVWLPDWHRUHTXLYDOHQWO\WKHHVWLPDWHVRIGșDQGĳGHWHUPLQH/'șĳ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 %DVHGRQWKHHVWLPDWHRI/'șĳDQGPHDVXUHPHQWRI35HFHLYHGGșĳHVWLPDWH35HFHLYHGGŁ35G
șĳí/'șĳ7KHQEDVHGRQ3UGHVWLPDWHWKHUDQJHEHWZHHQUHDGHUDQGWZRFRQVHFXWLYHWDJV
 *RWR6WHSXQWLODFHUWDLQFRQYHUJHQFHLVDFKLHYHG
 ,QLWLDOFRQGLWLRQVDQGSDUDPHWHUV6HWF\FOHFRXQWN 
 (VWLPDWH3UG WKH ORVV H[SRQHQWQ DQG WKH VWDQGDUGGHYLDWLRQı IRU WKH VSHFLILF5),'V\VWHPDQG WKH
WHUUDLQXQGHUFRQVLGHUDWLRQ7KHPLQLPXPPHDQVTXDUHHUURUFDQEHXVHGWRHVWLPDWHWKHYDOXHVRITDQGı

5DQJH LV HQWLUHO\ EDVHG RQ WKH DYHUDJH UHFHLYHG VLJQDO GHFUHDVLQJ ORJDULWKPLFDOO\ZLWK GLVWDQFH DQG ORJ QRUPDO
VKDGRZLQJ$VVXPHWKDWWKHUHH[LVWVDVHJPHQWRIWKHUHDGHUSDWKWKDWLVSDUDOOHOWRDQ\WZRFRQVHFXWLYHSDVVLYHWDJV
*LYHQ WKH SRVLWLRQ RI WKH WDJV WKH UHDGHU SDWK DQG WKH LQVWDQWDQHRXVPHDVXUHPHQW RI WKH EDFN VFDWWHUHG VLJQDO
SRZHU DW WKH UHDGHU SURSDJDWHG IURP DW OHDVW WZR FRQVHFXWLYH QHDUE\ SDVVLYH 5),' WDJV QHHG WR HVWLPDWH WKH
SRVLWLRQRIWKHUHDGHU7KHHQHUJ\SRZHURIWKHEDFNVFDWWHUHGVLJQDORU566YDOXHVDWWKHUHDGHUJHQHUDWHGIURP
QHLJKERU WDJ LVPDLQO\ GHSHQGHQWRQGLVWDQFHGEHWZHHQ UHDGHU DQG WDJ WDJ DQWHQQD DQG FKLS UHDGHUGLVSDWFKHG
HQHUJ\DQWHQQDJDLQVRIWDJDQGUHDGHUWKHUHDGHUWDJDQJOHGHSHQGHQWORVVGXHWRIDFWWKDWERWKWKHUHDGHUDQGWDJ
DQWHQQDDUHGLUHFWLRQDO

4XDOLW\RI6HUYLFHVRI,QGRRU3RVLWLRQLQJ6\VWHP
7KHSURSRVHGV\VWHPIRU,QGRRU3RVLWLRQLQJ6\VWHPXVLQJ566	'$KDVEHHQVLPXODWHGLQRUGHUWRDFFRPSOLVK
WKHTXDOLW\RIVHUYLFHSDUDPHWHULHDFFXUDF\HIILFLHQF\SRZHUFRQVXPSWLRQWKURXJKSXWMLWWHU	VFDODELOLW\

4.1 Accuracy  
$QWHQQDGLUHFWLYLW\LVWKHGHWHFWLRQRIWKHGLUHFWSDWKLQLQGRRUSRVLWLRQLQJV\VWHP7KHVWDQGDUGGHYLDWLRQRIWKH
URRWPHDQVTXDUHUDQJLQJHUURU5065(LVUHGXFHGZLWKWKHKHOSRIGLUHFWLRQDODQWHQQDV7KHURRWPHDQVTXDUH


)LJ$FFXUDF\RI,36

5DQJLQJHUURU5065(LVWKHHIILFLHQF\PHWULFLQWKHDQDO\VLVDQGLVFDOFXODWHGDWHDFKVSDWLDOSRLQWLQWKH;
< SRVLWLRQHG )LJ  VKRZV WKH JUDSK RI DFFXUDF\ 7KH KLJK UDQJH HVWLPDWLRQ DFFXUDF\ RI ZLGHEDQG DQG 8:%
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
VLJQDOVFDQEHXVHGLQQXPHURXVDSSOLFDWLRQVOLNHWUDFNLQJSDFNDJHVLQZDUHKRXVHVPRQLWRULQJSDWLHQWVLQKRVSLWDOV
UHVFXHZRUNHUVSRVLWLRQLQJILUHILJKWHUVGXULQJQDWXUDOGLVDVWHUVDQGYDULRXVPLOLWDU\DSSOLFDWLRQV

4.2 Efficiency
7KHHIILFLHQF\RIDQDQWHQQDLQFRUSRUDWHVWKHSRZHUGHOLYHUHGWRWKHDQWHQQDDQGWKHSRZHUUDGLDWHGZLWKLQWKH
DQWHQQD$ORZHIILFLHQF\DQWHQQDKDVPRVWRIWKHSRZHUDEVRUEHGDVORVVHVZLWKLQWKHDQWHQQDRUUHIOHFWHGDZD\
GXH WR LPSHGDQFH PLVPDWFK 7KH DQWHQQD HIILFLHQF\ RU UDGLDWLRQ HIILFLHQF\ FDQ EH ZULWWHQ DV WKH UDWLR RI WKH
UDGLDWHGSRZHUWRWKHLQSXWSRZHURIWKHDQWHQQD
     

([SHULPHQWKDVEHHQFDUULHGRXWRQGLIIHUHQWQXPEHURIQRGHVDQGHIILFLHQF\LVFDOFXODWHG)ROORZLQJJUDSKDV
VKRZQLQILJZKLFKLVRIQXPEHURIQRGHVYVPHDQFDOFXODWHGVKRZVWKHHIILFLHQF\RIV\VWHP:LWKLQFUHDVLQJ
QXPEHURIQRGHVHIILFLHQF\RIV\VWHPLVEHWWHUDQGFRQVWDQW
)LJ(IILFLHQF\RI,36
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
4.3 Power Consumption  
0LQLPXPWUDQVPLVVLRQSRZHUWRERWKWKHWUDQVPLWWHUDQGWKHUHFHLYHU3RZHULVLQYHUVHO\SURSRUWLRQDOWRWKH
SURGXFWRIWKHDQWHQQDJDLQVRIERWKWKHWUDQVPLWWHUDQGWKHUHFHLYHU2XUSURSRVHGV\VWHPKDVSRZHUFRQVXPSWLRQ
WKDWLVDERXWRIWKDWRI2PQLGLUHFWLRQDOPHWKRG	RIWKDWRIRQO\566PHWKRG7KLVSRZHUVDYLQJ
LVDWWULEXWHGWRWKHSRZHUFRQWUROPHFKDQLVP	WRWKHGLUHFWLRQDODQWHQQDJDLQ)ROORZLQJFKDUWVKRZVWKHSRZHU
FRQVXPSWLRQZLWKUHVSHFWWRQXPEHURIQRGHV([SHULPHQWLVFDUULHGRXWRQDQGQRGHVDQGFRQVXPSWLRQRI
SRZHU LV FDOFXODWHG DQG ILJ  VKRZV WKH JUDSK RI SRZHU FRQVXPSWLRQ ,W LV FRQFOXGHG WKDW UHTXLUHG SRZHU
FRQVXPSWLRQIRU566	'$PHWKRGLVORZDVFRPSDUHGWRRPQLGLUHFWLRQDODQGRQO\566PHWKRG


)LJ3RZHU&RQVXPSWLRQRI,36
4.4 Throughput

7KURXJKSXWLVGHILQHGDVWKHUDWLRRIDOOUHFHLYHGSDFNHWVIRUDOOGHVWLQDWLRQVDQGWRWDOQXPEHURIGDWDSDFNHW
WUDQVPLWWHG E\ DOO VRXUFHV 7KLV HQKDQFHPHQW LQ QHWZRUN WKURXJKSXW LV DFKLHYHG E\ LQFUHDVLQJ WKH QXPEHU RI
VLPXOWDQHRXV WUDQVPLVVLRQV DQG ODUJHO\ PLQLPL]HG LQWHUIHUHQFH 5HVXOWV DUH FRPSXWHG IRU SURSRVHG V\VWHP DQG
FRPSDUHGZLWKH[LVWLQJ WZR V\VWHPV OLNHRPQLGLUHFWLRQDO DQG566 WHFKQLTXH)ROORZLQJEDU FKDUWRI WKURXJKSXW
VKRZVWKHWKURXJKSXWRISURSRVHGV\VWHPZLWKFRPSDULVRQWRRPQLGLUHFWLRQDODQG566PHWKRG,WLVREVHUYHGWKDW
WKURXJKSXWRISURSRVHGV\VWHPLVIDUEHWWHUWKDQWKDWRIH[LVWLQJV\VWHPV$YHUDJHWKURXJKSXWIRUSURSRVHGV\VWHP
DQGH[LVWLQJV\VWHPVDUHFDOFXODWHGRQWKHEDVLVRIDERYHUHDGLQJVDQGFRPSDULVRQLVVKRZQZLWKWKHKHOSRIFKDUW
VKRZQ LQ ILJ  VKRZV WKDW WKURXJKSXW RI SURSRVHG V\VWHP LV EHWWHU DV FRPSDUHG WR H[LVWLQJ V\VWHP OLNH RPQL
GLUHFWLRQDODQG566PHWKRGV
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

)LJ7KURXJKSXW
5 Jitter
'HOD\LVGHILQHGDVDYHUDJHWLPHWDNHQE\SDFNHWVIURPVRXUFHWRGHVWLQDWLRQ-LWWHULVGHILQHGDVDYDULDWLRQLQWKH
GHOD\RIUHFHLYHGSDFNHWV7KHVHQGLQJVLGHWUDQVPLWVSDFNHWVLQDFRQWLQXRXVVWUHDPDQGVSDFHVWKHPHYHQO\DSDUW
%HFDXVH RI QHWZRUN FRQJHVWLRQ LPSURSHU TXHXLQJ RU FRQILJXUDWLRQ HUURUV WKH GHOD\ EHWZHHQ SDFNHWV FDQ YDU\
LQVWHDGRIUHPDLQLQJFRQVWDQW9DULDWLRQLQGHOD\LQSURSRVHGV\VWHPLVFDOFXODWHGDQGFRPSDULVRQRILWZLWKRWKHU
PHWKRGV LV VKRZQ LQ ILJ  ,W LV REVHUYHG LQ DERYH FKDUW WKDW YDULDWLRQ LQ GHOD\ LQ SURSRVHG V\VWHP LV JRRG DV
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
FRPSDUHWRRPQLGLUHFWLRQDOWHFKQLTXHEXWLWLVOLWWOHELWPRUHWKDQ566WHFKQLTXH

)LJ-LWWHU
4.6 Scalability
6FDODELOLW\LVWKHDELOLW\RIWKHQHWZRUNWRRSHUDWHZLWKDQRQYDQLVKLQJHQGWRHQGWKURXJKSXWSHUVHQVRUERXQGHG
HQGWRHQGGHOD\ERXQGHGSRZHUFRQVXPSWLRQERXQGHGSURFHVVLQJSRZHUDQGERXQGHGPHPRU\DWHDFKQRGHDV
WKHQXPEHURIQRGHVJURZVODUJH([SHULPHQWLVSHUIRUPHGZLWKDYHUDJHGHOD\VORWVZLWKLQFUHDVLQJQXPEHURIWDJV
,WLVREVHUYHGWKDWGHOD\VORWVDUHUHGXFLQJLQFRPSDULVRQZLWKRWKHUPHWKRGVOLNHRPQLGLRUHFWLRQDODQG566)LJ
VKRZVWKHFRPSDULVRQRISURSRVHGV\VWHPZLWKH[LVWLQJPHWKRGVLQWHUPVRIDYHUDJHGHOD\VORWVDQGUHVXOWVKRZV
WKDWWKHSURSRVHGV\VWHPLVEHWWHUWKDQRPQLGLUHFWLRQDODQG566PHWKRG
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

)LJ6FDODELOLW\
&RQFOXVLRQ
7KH SURSRVHG ,PSURYHG ,QGRRU ORFDWLRQ EDVHG DSSURDFK V\VWHP WR H[LVWLQJ VWDWLRQDU\ 	0RELOH REMHFW ORFDWLRQ
DOJRULWKPIRXQG LPSURYHGUHVXOW LQ WHUPVRITXDOLW\RI VHUYLFHV LQRUGHU WRHQKDQFH UHFHLYLQJ WKHVLJQDO VWUHQJWK
7KHUH LV GUDPDWLFDOO\ LQFUHDVH RI 566 VLJQDO JDLQ DQG DFFXUDF\ ZLWK GLUHFWLRQDO DQWHQQD ZKHUH DV LQ H[LVWLQJ
DOJRULWKP WKHSUREDELOLW\RIJDLQLQJ VLJQDODUH OHVV FRPSDUDWLYHO\7RERRVWXS WKH VLJQDO VWUHQJWKDQG VHQVLWLYLW\
IURPUHDGHUE\XVLQJDQWHQQD+HUHSURSRVHGVLPXODWLYHHQYLURQPHQWLPSURYHG5),'EDVHGORFDOL]DWLRQWHFKQLTXHV
PLWLJDWHWKHREMHFWLYHRIHIILFLHQF\DQGDFFXUDF\ZLWKSUHFLVLRQZKLOHORFDWLQJREMHFW
5HIHUHQFHV
 -RDQD +DOGHU 6KDUO\ DQG:RRMX .LP ´$ )XVLRQ$SSURDFK RI 566, DQG /4, IRU ,QGRRU /RFDOL]DWLRQ 6\VWHP 8VLQJ$GDSWLYH
6PRRWKHUV´-RXUQDORI&RPSXWHU1HWZRUNVDQG&RPPXQLFDWLRQV
 ' =KRJOLDQJ < <DQSHL < ;LH : 1HQJ DQG < /HL6LWXDWLRQ DQG 'HYHORSPHQW 7HQGHQF\ RI ,QGRRU 3RVLWLRQLQJ &KLQD
&RPPXQLFDWLRQ0DUFK
 3RWJDQWZDU $PRO ' DQG 9 0 :DGKDL ´/RFDWLRQ %DVHG 6\VWHP IRU 0RELOH 'HYLFHV ZLWK ,QWHJUDWLRQ RI 5),' DQG:LUHOHVV
7HFKQRORJ\,VVXHVDQG3URSRVHG6\VWHP´,QWHUQDWLRQDO&RQIHUHQFHRQ3URFHVV$XWRPDWLRQ&RQWURODQG&RPSXWLQJ33

 KWWSUHVHDUFKPLFURVRIWFRPHQXVSURMHFWVUDGDU
 .3DKODYDQ)HULWDNJXODQG<<(7DNLQJ3RVLWLRQLQJ,QGRRU:L)L/RFDOL]DWLRQDQG*166,QVLGH*166-RXUQDO0D\
 =;LRQJ =6RQJ$6FOHUD()HUUHD)6RWWLOH3%UL]]L57RPDVL DQG0$6SLULWR +\EULG :61 DQG 5),' ,QGRRU SRVLWLRQLQJ DQG
7UDFNLQJ6\VWHP(85$6,3-RXUQDORQ(PEHGGHG6\VWHPE\6SULQJHU/LQN
 -DHJHRO<LP$6PDUWSKRQH,QGRRU3RVLWLRQLQJ0HWKRG,QWHUQDWLRQDO-RXUQDORI6PDUW+RPH9RO1RSS
 $QLO %LUDMGDU0DQLVKD.RXO0ULGXVKL 6ULYDVWDY 3RRMD1DLU 2Q&DPSXV /RFDWLRQ7UDFNLQJ8VLQJ0RELOH 3KRQHV ,QWHUQDWLRQDO
-RXUQDORI&RPSXWHU6FLHQFHDQG,QIRUPDWLRQ7HFKQRORJLHV9RO
 6KZHWD 6KDQGLO\D 65,GDWH 6XUYH\ RQ /RFDOL]DWLRQ RI 6PDUWSKRQH 8VHU LQ DQ ,QGRRU HQYLURQPHQW XVLQJ:,), DQG 1DYLJDWLRQ
WKURXJKRXW/D\RXWRI WKH)ORRU3ODQV ,QWHUQDWLRQDO -RXUQDORI ,QQRYDWLYH5HVHDUFK LQ&RPSXWHU DQG&RPPXQLFDWLRQ(QJLQHHULQJ
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9RO,VVXH0D\
 .3DKODYDQ)HULWDNJXODQG<<(7DNLQJ3RVLWLRQLQJ,QGRRU:L)L/RFDOL]DWLRQDQG*166,QVLGH*166-RXUQDO0D\
 5&+ZDQJ37+VX-&KHQJ&<&KHQ&<&KDQJ+&+XDQJ7KHLQGRRU3RVLWLRQLQJWHFKQLTXHEDVHGRQQHXUDOQHWZRUNV,(((
,QWHUQDWLRQDO&RQIHUHQFHRI6LJQDO3URFHVVLQJ&RPPXQLFDWLRQDQG&RPSXWLQJ;LDQ&KLQD6HS
